THIN SHEET MIRROR AND NdjOs DOPED GLASS 

r^onQQ PPFFRENCE ^^^^^ APPLICATION 

[0001] This application claims the benefit of U.S. Provisional Application. Serial 
Number 60/255.759. filed December 15. 2000 entitled Thin Sheet Mirror and Nd.03 
Doped Glass of Ronald L. Stewart. 

FIFI n OF THE INVENTION 

[0002] A reflecting mirror comprising a thin sheet of glass, and an alkali metal-zinc- 
borosilicate glass doped with neOdymium oxide (Nd203) and adapted to be drawn m 
the form of a thin sheet. 

RAr.KGROUND THF INVENTION 

[0003] Thin sheet glass, commonly referred to as microsheet. is well known in the 
glass art The glass sheets have a thickness less than 0.5 mm. a standard 
thickness being in the range of 0.3 to 0.4 mm. Microsheet glass Is used for such 
diverse purposes as protective covers for satellite solar cells, laptop LCDs, and 
glass-plastic laminates. 

10004] Mim>rs are commonly produced by applying a highly reflecting film or 
coating of. for example, silver or aluminum, over one flat surface of a glass sheet. 
Light rays pass through the glass sheet and are reflected back to create the famihar 
image. Thus, tt« effecUve light path in the glass sheet is twice the thickness of the 
glass sheet. 

[0005] The present Invention is parUcular^ concerned with a reanriew mrrror such 
as used in vehicular transport means on sea, on land, or in the air. A problem of 
long standing is that of visual discomfort, and loss of obiect definition, created by 
reflection of certain radiation. The reflecUon of illumination from a mirror, partrcularly 
at night, can be particularly serious. This has led to special mirrors that can be t,ted 
at night. A similar effect occurs with reflected sunlight, especially when thesun ,s 
just rising or setting. 



toooe, ,t has been reported .ha. .his problem largely arises fron. a relatively narrow 
0 Jr, o, me specra, energy dis.ribu.ion in ligh. re«ec.ed by a ™- " ^^^ ^ 
color this is .he yellow region which lies primarily be.ween .waveleng*s of 565 and 
595 nl The red green and blue regions, which iie ou.s.e «,ls waveleng.h range, 
appear to provide lit.le or no contribution .0 the problem. . 
100071 I. is then a pnmary object o, the presen. invention to prov^e a re«ec.ng 
mi Jthat is improved wim respect to me visual discomfort and ob,eC blurrrng that 
tends to occur with reflected illumination and sunlight 
100081 1. is another object to provide a glass that removes, in part a. least, 
vellow color region in reflected light. . , , 

[00091 It is a further purpose to provide this selective color effect ,n glass of 

microsheet thickness. . . . , , 

[00101 It is still another purpose to provide a glass having this desrred color ^ 
. absorp^on effect, in conjunction ^h viscos^ properties that enable the glas. to be 
f. drawn as microsheet, that is in a thickness less than 0.5 mm. 



W QiiMMARY OF T HF INVENTION 



[00111 The invention resides in part in a reflecBve mirror comprising a sheet of 
111 metal-zinc-borosilicate glass bonded to a reflecting surface, the g^^^^^^^^^^^ 

thickness less than 0.5 mm and being doped with Nd,0, in an amount sufftcentto 
reduce the spectral transmission in the range of 565-695 nm. 
[00121 The invention further .sides in a sheet of an alkali metal-zinc-boros,l,cate 
glass containing sufflc^n, NdA in its composition to reduce the .ransm,ss,on of 
585 nm wavelength to less than 50% in a 0.6 mm path length. 

PR1I=F nFSCRlF TrM "ROWINGS 

[001 31 FIGURE 1 in the drawing is a side secUonal view of a rear view mirror 
constructed in accordance wi.h the present invention. 

[00141 FIGURE 2 is a graphical represento.ion illustraUng a significant property of 
Nd^Ordoped microsheet in accordance with the invenUon. 
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nr'^rriPTi"'" '^"'^ invention 

100151 The present invention provides a reflecting mirror, particularly a rearview 
Ini J in which the visual discomfort and blurring, caused by reHeoted illuminaton or 
sunlight, are alleviated. Such mirrors are widely used in all types of transport 
vehicles. However.theproblemisparticuladyprevalentinrea^ewmirrorsfor 
automoUve vehicles. Accordingly, «.e invention is described wKh respect to such 

application. . 
,0016] FIGURE 1 is a side elevational view of a typicalreapflev^rror embodyrng 
he invent«n, and generally designated ,0. Mirror^^rises a standard cas ng 

orendosure 12 and a ^^^^^^^^ = ~ ^^^^^ , 
e g a silver film on its gat^tmsTSass member 16 may be bonded to casing 1 2 
i„ Known mance^^iS^ch structure is shown in United States Patent No. 

5 566jB3l( ). 

lOolW The present invention is largeh, concerned with microsheet glass member 
,6 AS pointed out earlier, microsheet glass is less than 0.6 mm in «,ickness For 
present purposes a thickness of about 0.3 mm is employed. Since reflected light 
traverses glass twice, the effective light path is about 0.6 mm. Accordir^ly. 
transmission data shown hereafter was measured on glass samples havrng a 
thickness of 0.6 mm. 

[0018] it has been found that yellow light, that is spectral radiation having a 
wavelength ..thin the range of 665-59^ nm, is the primary cause of the vrsual 
discomfort and blurring. It has further been found that doping a glass »th up to 20 /. 
. Nd.03 will effectively diminish radiation in this yellow region. Surprisingly, and 
fortunately, the remaining portions of the visible part of the spectrum have l,.«e 
tendency to cause eye discomfort and blurring. 

(00191 Any amount of Nd^Oa doping has some effect, on suppressing the radiafon 
at yellow wavelengths. However, to have a substanfial . effect, at least about 5 /. ,s 
required. By substantial is meant reduction of the radiation at a wavelength of about 
585 nm to a value under 50%. ■ 
[00201 conventional sheet glass used in mirrors has a thickness in the range o, 
0 5^ 0 mm, usually about 2 mm. Such sheet glass may be produced by we known 
rolling or drawing procedures. According^, it is customan, to employ a soda l,me 



Silicate glass. This may be modified by ott,er divalent n,«tal oxides for special 

effects. 

[0021] The productior> of thinner microsheet glass requires special processing. 
For present purposes, a special mechanism, known as a slot draw, is employed, 
one family of glasses successfully slot drawn into microsheet has an alkal, metal- 
zinc-borosilicate base glass. It has been found that Nd.O, does not tend to readrly 
, stay dissolved in this base glass, mother words, the glass tends to devitrrtywM, 
NdzOs crystals separating in the glass. 
u [0022] This prohibitive tendency can, and must, be avoided by carefully choosing 
I the base glass components and the amounts in which they are present. Th,s wtll 
t become apparent in a subsequent composition TABLE. 
' [0023] in general, ft has been found necessary to use lower B:0, content while 
employing a higher range content of alkali metal oxides (R2O) when the AbOs 
content is over about 2.5%. 

10024] At the same time, microsheet drawing imposes some property lim.tat.ons 
that must be observed. In general, these involve glass viscosrty versus temperature 
behavior of a glass melt. In particular, the viscosity at the liquidus temperature must 
be maintained equal to. and preferably above. 20,000 poises. At the same time, the 
softening temperature of the glass must be maintained in the range of 700-750 C. 
In the TABLE belov., several glass compositions are set forth in weight percent on 
an oxide basis. These compositions, including comparative examples 7 and 8 wh.ch 
devitrified, illustrate the care that must be taken in compounding a suitable glass 
composition. 
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[0025] Glass batches were prepared from standard ingredients including sand, 
alumina, zinc oxide, antimony oxide and Nd.03. Boric acid and/or sodium borate 
were used as a source of B2O3. The alkali metals were added as nitrates or 
carbonates, or as sodium borate. 

[0026] The batches were mixed in conventional manner and melted at 1 550° C. 
As noted earlier, glass samples were prepared by grinding and polishing molded 
blanks to a thickness of 0.6 mm. for making measurements of transmission. 
Regular blanks were obtained for physical property measurements in accordance 
with conventional procedures. 

[0027] FIGURE 2 is a graphical representation comparing the optical transmission 
curves for 0.6 mm thick glass samples having compositions 1 . 5 and 9 in the TABLE 
above. A 0.6 mm sample is used to correspond to the double passage of radiation 
in a 0.3 mm thick glass mirror. 

[0028] The significant feature of the transmission curves, for present purposes, is 
the steep drop in transmission in the yellow portion of the spectrum, that is the 
portion between 565 and 595 nm. Curve A represents composition 1 which contains 
no Nd203 This is a typical transmission curve for a non-absorbing, transparent 
glass containing no colorant or absorbing additive. It shows a steady. transmission 
of slightly over 90% at wavelengths between 380 and 750 nm. In contrast. Curve B 
is the corresponding transmission curve for the glass sample having composition 5. 
The transmission of this glass, which contains S% mO^, drops steeply in the yellow 
region to a low value of about 27% at 585 nm. Likewise, Curve C, based on 
measurements made on a glass having composition 9, shows a somewhat greater 
drop to a minimum transmission of about 20% at 585 nm. 

[0029] Comparison glasses, having compositions 7 and 8. devitrified before a 6mm 
thick patty cooled from each melt poured on a steel plate. The crystals formed were 
precipitated Nd.Os- This indicates that the present glasses tend to be unstable as 
the amount of Nd^Ds dopant is increased. The transmission curves of FIGURE 2 
indicate the desirability of increased Nd203 contents however. 
[0030] To accommodate larger amounts of m^O,, the base glass must then be 
adjusted to enhance Nd.03 solubility. At the same time, physical property control 
must be maintained to permit drawing of glass having microsheet thickness. To this 
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end, the liquidus viscosity must be at least 20.000 poises and preferably higher. 
Also, the softening point of the glass must be maintained at 700 to 750" C. 
[0031] From the liquidus data thus far obtained that are listed in the Table, it 
appears that the lower AI2O3 and B2O3 levels tend to permit the NdzOa to remain 
solution. The glass Is stiffened by decreasing the B2O3 level. This effect can be 
compensated by concomitant increase of the alkali metal oxides of sodium and 
potassium along with reducing AI2O3. The content of ZnO may also be increased 
somewhat, and with similar the levels of the alkali oxides the glass softening 
temperature can be further reduced. 

[0032] In general then, a suitable glass composition will essentially consist, in 
weight percent, on the oxide basis, of: 

Si02 55-70% 

AI2O3 0.5-4.5% 

B2O3 6-14% 

ZnO 3-10% 

Na20 5-11% 

K2O 2-9% 
Na20+K20 7-20% 

Nd203 at least 5% 



